Abstract. An adenyl cyclase preparation derived from epithelial cells of the urinary bladder of the toad, Bufo marinus, is described. This cyclase preparation is specifically stimulated by neurohypophyseal hormones and various synthetic analogs which evoke a hydroosmotic response in the intact bladder. The relative stimulatory effects of these compounds have been compared on the cyclase preparation and in the intact bladder. The peptide concentrations required for half-maximal stimulation (affinity) in the cell-free and intact systems were parallel; however the magnitude of stimulation produced by saturating concentrations of peptides did not correlate. Furthermore, it was found that peptide analogs which inhibit the hydroosmotic effect of [8-arginine ]-vasopressin on the intact bladder also inhibit the stimulation of the toad bladder cyclase preparation by vasopressin. Prostaglandin E1, mercaptans, and disulfides, which inhibit the hormone-induced hydroosmotic response of the intact bladder, did not antagonize the stimulation of the toad bladder cyclase preparation by vasopressin.
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Adenosine 3',5'-cyclic monophosphate (3',5' -AMAP) appears to be anl intracellular mediator in the action of neurohypophyseal hormones in amphibian skin and urinary bladder as well as mammalian kidney.' Thus, (a) vasopressin increases the levels of 3',5'-AMP in toad bladder;2 (b) the addition of 3',5'-AMP mimics the effects of vasopressin to enhance water and sodium transport in the isolated toad bladder system;3 and (c) vasopressin stimulates adenyl cyclase activity of membrane fractions derived from kidney medullary tissue.4-6 It is less certain that 3',5'-AMP is the exclusive intermediary in vasopressin action. The dissociation of the neurohypophyseal hormone-induced increase of water permeability (hydroosmotic response) and Na-flux in amphibian tissues, known for several years,7'8 suggested the possibility that two independent hormone receptor sites are involved. The finding that 3',5'-GMP stimulates Na-flux, but not water flow,9 raises an additional possibility that vasopressin action, at least for Na-transport, may be mediated in part by 3',5'-GMP as well as by 3',5'-AMP.
The present investigation was undertaken to measure the direct effects of neurohypophyseal hormones and synthetic analogs upon adenyl cyclase activity in a membrane fraction derived from toad bladder epithelial tissue. The prop- erties of such an adenyl cyclase preparation are described. The effects of neurohypophyseal hormones and synthetic analogs upon the activity of toad bladder cyclase have been compared and correlated with the hydroosmotic effects of these agents in the intact toad bladder.
Preparation of Toad Bladder Adenyl Cyclase. Toads (Bufo mnarinus) used iii these studies were purchased from Schettl Frog Farm, Minneapolis, Minn. or from National Reagent, Inc., Bridgeport, Conn. Bladders were removed from 6-12 pithed toads and rinsed in ice-cold amphibian Ringer's (containing 1.0 mM CaCl2, 2.0 mM KCI, 2.4 mM NaHCO3, and 111.0 mM NaCl; equilibrated with air); epithelial cells were scraped from the mucosal surface and collected in ice-cold 0.225 M sucrose (containing 0.1 mM EDTA and 0.01 M Tris 11HC, pH 7.5). The cells were washed (a mucous layer was removed by suction) and homogenized in sucrose medium with a "tight-fitting" glass homogenizer and Teflon pestle. The homogenate was spun at 600 X g for 10 min and the pellet was resuspended in 1.5 ml of the sucrose medium and centrifuged again. Distribution studies showed that the bulk of adenyl cyclase activity was associated with this 600 X g pellet and that this fraction exhibited the greatest sensitivity to [8-arginine] -vasopressin (AVP), and oxytocin (OT). This fraction, designated as toad bladder cyclase, was used in all subsequent studies. Assay of Adenyl Cyclase. Adenyl cyclase activities in toad bladder fractions were assayed using methods previously described' modified as follows: assays were conducted at pH 8.4 (the optimum for neurohypophyseal hormone action in the intact toad bladder) ' 1 using incubation periods of 20-30 min at 370C; under these conditions, ATP levels are maintained at 70% of the initial value, with or without added hormones. EGTA (1.0 mM) was routinely added because it was observed that either EGTA or EDTA at this concentration consistently increased hormonal stimulation without influencing basal cyclase activity. Cold 3',5'-AMP (at 0.5 mM) was used for "trapping" the labeled 3',5'-AMP formed from ATP-a-'2P. The 3',5'-AMP formed in the toad bladder system was authenticated by two-dimensional paper chromatography, as previously described. '2 Three toad bladder cyclase preparations were used in these studies. Each preparation was divided into equal aliquots, rapidly frozen, and stored at -70'C. Assays were performed after thawing, with various concentrations of test compounds using AVP as standard. Basal and hormone stimulatable adenyl cyclase activity was retained in the frozen state for several weeks. After thawing, the preparation exhibits increased lability and loses about 50% of activity upon standing for [3] [4] hr in an ice bath. Under basal conditions, and in the presence of AVP and OT, 3',5'-AMP formation increased linearly with time when observed for a 30-min period. The rate of 3',5'-AMP formation in the presence of hormones was found to be proportional to enzyme (protein) concentration of 100-300 jg/ml. The relative effects obtained with various neurohypophyseal peptides were reproducible within a given preparation. Between different preparations there was great variation in the degree of stimulation produced by AVP; nevertheless the pattern of relative activities of the peptides was consistent.
Assay of Hydroosmotic Effects in Intact Toad Bladder Tissue. The agonistic and antagonistic hydroosmotic properties of several neurohypophyseal peptides were measured in the intact toad bladder by using the sac preparation of Bentley"3 as modified by Eggena, Schwartz, and Walter. '4 Results and Discussion. In analogy with the adenyl cyclase system of the rat fat cell membrane,'0"5 the effects of hormones of toad bladder adenyl cyclase may be considered in terms of a sequential set of reactions: (a) an initial step where hormone interacts with a selectivity unit termed "receptor," (b) a subsequent coupling sequence, which ultimately leads to (c) the activation of adenyl cyclase. The receptor of toad bladder cyclase is highly specific for neurohypophyseal hormones (Fig. 1) . A large number of hormones known to activate The results in Table 1 show that the relative stimulatory activities of arginine vasopressin, lysine vasopressin, and oxytocin upon the toad bladder cyclase preparation directly correlate with the effects of these hormones in intact bladder in terms of the "affinity" parameter, pD2 (which is a measure of hormone binding to receptor), but not in terms of intrinsic activity-as defined by maximal 3',5'-AMIP production by the isolated cyclase preparation or by maximal hydroosmotic response in the intact toad bladder. The parallelism of the affinity parameters observed with naturally occurring iieurohypophyseal peptides in both systems also holds for the structural analogs studied, which include [8- Despite the general parallelism of the effects of neurohypophyseal peptides in the intact bladder and on bladder adenyl cyclase activity there are marked quantitative differences. The peptide concentrations required to elicit halfmaximal effects on the bladder cyclase preparation are about two orders of magnitude higher than for the intact toad bladder. The phenomenon that higher hormone concentrations are required to elicit a half-maximal response in isolated cyclase preparations than in intact cells has been observed in a number of systems. 10'20'21 The availability of a hormone-sensitive toad bladder cyclase preparation has made it possible to study the effects of several agents known to affect the in vitro hydroosmotic response of the toad bladder to neurohypophyseal hormones but not to 3',5'-AMP, for example, PGE1,22 mercaptans, and disulfides.23-25 PGE1, at concentrations ranging from 0.1 to 100 ,ug/ml, was found to be without significant inhibitory effect on either basal or arginine vasopressin-stimulated cyclase activity. The inhibitory effect of PGE1 in the intact toad bladder, which appears to be noncompetitive,16 may involve selective sites for PGE1 which influence, but are not part of, the isolated toad bladder cyclase system. Similarly, the stimulatory activity of De-Di-AVP (a highly active neurohypophyseal hormone analog which, unlike the disulfide-containing hormones, cannot participate in a thiol-disulfide interchange reaction) was not affected by 1 mM oxidized or reduced glutathione or by dithioerythritol; nor did these agents significantly influence basal cyclase activity. These results suggest that the mercaptan or disulfide inhibition observed in the intact bladder system is not achieved by direct interaction with the hormonal receptor or the catalytic unit of the cyclase system.
The present studies have involved a particulate adenyl cyclase preparation derived from the multiple cell types which comprise the toad bladder epithelium. Independent of uncertainties concerning whether there is more than one type of, or more than one locus for, neurohypophyseal hormone receptors in the intact toad bladder, there is a striking correlation of peptide effects on the adenyl cyclase preparation derived from the multiple cell types of bladder epithelium and the hydroosmotic response in intact tissue.
